This paper studies effect of different combinations of NaNO 2 (sodium nitrite) and C 6 H 15 NO 3 (triethanolamine (TEA)), as synergistic admixtures in concrete immersed in NaCl and in H 2 SO 4 test environments, on the corrosion of the concrete reinforcing steel (rebar). Although statistically analysed electrochemical test results confirmed NaNO 2 effectiveness, synergistic combinations of 4 g NaNO 2 + 4 g C 6 H 15 NO 3 in NaCl medium and of 2 g NaNO 2 + 6 g C 6 H 15 NO 3 in H 2 SO 4 medium were also highly effective at inhibiting rebar corrosion. Synergistic parameter analyses showed that the effective synergistic admixtures that inhibited concrete steel-rebar corrosion in their respective medium were the NaNO 2 and C 6 H 15 NO 3 combinations that exhibited synergistic interactions of cooperative adsorption on steel-rebar. These support the suitability of requisite concentration of triethanolamine as additive admixture with sodium nitrite for steel-rebar corrosion mitigation, which is potent with reduced environmental effects, in concrete immersed in NaCl and in H 2 SO 4 corrosive media.
Introduction
Concrete is the most widely used cement-based construction materials for buildings structures and infrastructures [1] [2] [3] . However, corrosion degradation of the reinforcing steel (steel-rebar) in concrete is affecting sustainability and service performance of concrete building and infrastructures and generating safety and economic concerns among construction stakeholders, globally [3] [4] [5] [6] . Normally, steel embedded in concrete is protected from corrosion attack by a passive layer of thin oxide film from the highly alkaline, pH of about 12.5∼13, cement hydration products [3, 7, 8] . Steelrebar corrodes in concrete due to breakdown of the protective oxide film by aggressive agents of the environments, in the form of chloride ingress, from natural marine or artificial saline (deicing salts) [8, 9] , or sulphate attack, from microbial or industrial environments [7, [10] [11] [12] . Corroded products from these are expansive within concrete leading to cracks, spalling, delamination, and loss of structural integrity of the reinforced concrete [8, 9, 13] .
Among many methods [1] , the use of corrosion inhibitors had been identified as an easy, effective, and economical approach for mitigating steel-rebar corrosion and for improving durability of steel-reinforced concrete structures in aggressive environments [2, 5, 14, 15] . However, important criteria for achieving acceptable mitigation of corrosion rate in a corrosive environment include responsible application of the inhibiting substance at a suitable concentration in the corrosive system [2, 16] . That the presence of an inhibiting substance at an unsuitable concentration in the corrosive system could aggravate, instead of inhibiting, corrosion [16, 17] necessitates studies of suitable concentrations of admixture for mitigating steel-rebar corrosion in their corrosive service environments.
Nitrites are well-known corrosion inhibiting substance [2, 5, 15, 18] although they suffer the setback that their use is being restricted in many countries due to their toxicity and hazardousness to the environmental ecosystems [1, 19, 20] . This is fostering research deliberations on the search for more environmentally friendly substances for totally or partially replacing the traditional but toxic inhibitor. However, such search had been difficult due to the high effectiveness of nitrites at inhibiting steel-rebar corrosion. Triethanolamine (C 6 H 15 NO 3 : TEA) is an organic chemical with the molecular structure shown in Figure 1 that is nontoxic to the environment and which had been employed for mitigating chloride-induced carbon steel corrosion in simulated alkaline pore solution [21] . Yet, there is paucity of studies on the suitability of triethanolamine as an environmentally benign alternative for synergistic partial replacement of the highly effective, but toxic, nitrite admixture as inhibitor of steelrebar corrosion in concrete slab immersed in aggressive media. Specific motivation for this paper was especially drawn from [22] that showed that inhibition effectiveness of nitrites could be improved by requisite addition of another chemical. This is because such additional model channeled using nontoxic chemical is potent with reduction in environmental effects from the consequently lower usage of the toxic NaNO 2 inhibitor quantity required for adequate corrosion inhibition. This paper, therefore, investigates the effect of synergistic combinations of different sodium nitrite (NaNO 2 ) and triethanolamine (C 6 H 15 NO 3 : TEA) concentrations as synergistic admixtures on the corrosion of steel-rebar in concrete immersed in NaCl and in H 2 SO 4 media.
Materials and Methods

Reinforcing Steel and Reinforced Concrete Block Specimens.
Steel reinforcement used in the study was obtained from the Federated Steel Rolling Mills, Ota, Ogun State, Nigeria. The ⌀12 mm deformed rebar has composition in % of 0.27 C, 0.40 Si, 0.78 Mn, 0.04 P, 0.04 S, 0.14 Cr, 0.11 Ni, 0.02 Mo, 0.24 Cu, 0.01 Co, 0.01 Nb, 0.01 Sn, and the balance Fe. The steel-rebar was cut into specimen rods each of which was 190 mm long.
Surface preparation was then maintained uniformly for each of these rods. Each rod of rebar was ground with coarse and fine abrasive papers, pickled for 10 minutes in 10% H 2 SO 4 [23] , rinsed and cleaned in ultrasonic cleaner, degreased with acetone, dried with warm air stream, and kept in desiccator prior to being used for the experiment [24, 25] .
Forty steel-reinforced concrete samples used for the experiment were produced as replicated blocks [26] , four blocks per batch, and each of size 100 mm × 100 mm × 200 mm, such as volume of each concrete block = 2 × 10 3 m 3 . In each of these blocks 150 mm length of the ⌀12 mm steelrebar was embedded, which was symmetrically placed across the width of each of the blocks implying 44 mm concrete cover thickness, with the remaining length of the rebar protruding for electrochemical connections. This protruded rebar from the concrete was painted with glossy paint. Drinkable water was used for mixing the concrete blocks. Each block was formulated using ordinary Portland cement, clean natural sand, and granite stones. The formulation used for the mixing of each steel-reinforced concrete specimen includes cement = 300.0 kg/m 3 , sand = 890.6 kg/m 3 , granite stones = 1106.3 kg/m 3 , and mixing water of 149.7 kg/m 3 , thus making the water/cement (w/c) ratio = 0.499 [14, 23] .
Inhibitor
Admixture. The admixture concentrations of NaNO 2 and C 6 H 15 NO 3 by mass, in synergistic combinations and individual admixtures, in each 100 mm × 100 mm × 200 mm concrete specimen, and in each of the corrosive media of specimen immersion were as presented in Table 1 . These, in duplicate samples (tagged as " Dup"), include blank concretes, without admixture followed by concretes admixed with different combinations of NaNO 2 and C 6 H 15 NO 3 concentrations, and then concretes with individual concentrations of the NaNO 2 and of the C 6 H 15 NO 3 . This was designed for facilitating synergistic parameter modelling [27, 28] . Addition of the admixtures to the cast concrete samples was as prescribed by ASTM C192/192M-02 [29] . For admixing in concrete sample, the admixture was weighed on analytical weighing balance, mixed thoroughly with concrete mixing water that was made up to the required water volume for the water-cement ratio of the concrete sample for the casting of the concrete sample. [2, 10, 32, 33] , for simulating microbial/industrial environment. In each bowl, the test medium was made up to just below the concrete steel-rebar but was not touching it. Also, according to the practice described in [24] , the test medium in each bowl was replenished every three weeks to prevent dryness and induce continuous system of corrosive environment through the ninety-sixday immersion of the steel-reinforced concrete samples. All chemicals used for both chemical admixtures and corrosive test environments are analytical grade.
Electrochemical Measurements.
Nondestructive electrochemical measurements [14, [32] [33] [34] [35] were taken, from the experimental setup, first, in five-day interval for forty days and thereafter in seven-day interval for the following eight weeks. This totalled 17 measurements within the experimental period of ninety-six days for the study. The nondestructive electrochemical test methods used for evaluating corrosion inhibition performance of the NaNO 2 and C 6 H 15 NO 3 admixtures in concrete include the following. (ii) Electrochemical cell current (ECC) measurements: these were taken versus the CSE, using zero resistance ammeter (ZRA), Model ZM3P (corrosion service) [14, 37, 38] . This was done for the measurement model of the reinforcing steel dissolution activity [14, 39] in the aggressive test solution systems sharing porous partitioning with the Cu/CuSO 4 .
(iii) Corrosion rate (CR) measurements: these were obtained through direct instrument conversion to mpy [14] using the three-electrode LPR Data Logger, Model MS1500L (metal samples) [40] .
Data Analyses
Statistical Distributions and Goodness-of-Fit Analyses.
As prescribed in [41, 42] , measurements of electrochemical test data from the corrosion test setup were subjected to the statistical analysis of the Weibull probability distribution function [2, 14, 32, 33, 42] . This statistical modelling tool has probability distribution function given by
where is corrosion test data from the requisite corrosion variable, which could be the half-cell potential, the cell current, or the corrosion rate. Also, is the Weibull shape parameter and is the Weibull scale parameter, both of which are estimated from the = 17 test data of corrosion test 4 Advances in Materials Science and Engineering variable from each sample from the solution of simultaneous maximum likelihood equations [43, 44] :
The unbiased estimates of and from these equations find usefulness for computing Weibull mean, , through
Compatibility of the electrochemical test data to each of the Weibull distributions was ascertained by subjecting each variable of measured data to the Kolmogorov-Smirnov (K-S) goodness-of-fit (GoF) test criteria [42, 43, 45, 46] . This, K-S GoF, measures the absolute difference between empirical distribution function * ( ) and theoretical distribution function ( ) [45, 47, 48] through the statistics:
where = 17 data points obtained from the days of measurements for each electrochemical test variable. The value evaluation from (4) was used for direct computation of the K-S value using the procedures from [45] . By this, criteria were set such that, for = 0.05 significant level, K-S value < for a probability distribution of corrosion test data indicates that such data did not follow that distribution while K-S value ≥ showed that the test data followed the distribution.
Inhibition Efficiency and Synergistic Parameter Analyses.
The mean corrosion rate performance, , obtained from the Weibull analysis of corrosion rate data finds usefulness for evaluating inhibition efficiency, , for each admixture concentration employed, relative to that of the blank sample, from the formula [14, 27, 30, 37] :
Also, these mean performances were employed for investigating synergistic effect of the partial NaNO 2 replacement by C 6 H 15 NO 3 admixtures on the inhibition of concrete steelrebar. This entails evaluating synergistic parameter, , for each combination of the NaNO 2 + C 6 H 15 NO 3 admixture concentrations using the formula [27, 28] :
Results and Discussions
Statistical Modelling of Corrosion Test Data Measurements.
Plots of the Weibull mean of variables of corrosion test data measurements, the half-cell potential, cell current, and corrosion rate are shown in Figure 2 , for NaNO 2 and TEA admixed steel reinforced concretes samples. Figure 2 (a) showed additional horizontal parallel lines, as specified in ASTM C876-91 R99 [36] , delineating probability of corrosion risks for direct interpretation of the Weibull mean performance of halfcell potential in each of the reinforced concrete samples. In the plots, the electrochemical monitoring methods employed showed good agreements among many of the duplicated samples. Also, the test methods revealed higher prevalence of corrosive activities in the samples immersed in the chloride test environments compared to those in the sulphate test environments. For instance (see Figure 2 (a)) the Weibull mean performance of corrosion potential obtained from the reinforced concrete samples immersed in the saline simulating medium highly overshot the corrosion potential performance of samples immersed in the acidic medium. This, according to interpretations from ASTM C876-91 R99 [36] which are shown by the horizontal lines in Figure 2 (a), implies existence of higher probability of corrosion risk in the concrete samples in NaCl medium compared to the samples in H 2 SO 4 medium. In Figure 2 (b) also, the trends of corrosion cell currents in the samples in chloride medium overshot the trends of cell currents of samples immersed in the sulphuric acid medium, thus suggesting higher dissolution activity in the NaCl-immersed concrete samples. The corrosion rate performance in Figure 2 (c) tends to follow these trends of the other corrosion test variables. By this, the mitigated corrosion rates of the NaNO 2 and C 6 H 15 NO 3 (TEA) admixed samples, relative to the overshot of corrosion rates obtained from the duplicates of control samples, in NaCl were still generally higher, compared to the corrosion rates samples immersed in the H 2 SO 4 medium.
Common to all these plots are the identifiable mitigations and, in some other cases, peaks denoting aggravations, of corrosion activities by the concentrations of NaNO 2 and C 6 H 15 NO 3 (TEA) admixtures in the steel reinforced concrete samples immersed in aggressive media. According to interpretation of ASTM C876-91 R99 [36] , Figure 2 (a) reaffirmed that the HCP of the blank samples in the saline media was more negative than the "severe corrosion" condition range of the ASTM standard. Also, the HCP of the blank samples in the acidic media is classified to the "high (>90%) corrosion risk" region. These suggest the inference that the media of concrete immersions employed in the study were aggressive to the embedded steel-rebar in the reinforced concretes not containing admixtures. It is based on these that mitigations of corrosion rate relative to the blank concrete samples by the synergistic partial NaNO 2 replacement by C 6 H 15 NO 3 (TEA) admixtures in the reinforced concrete samples, especially in the severe saline media (see Figure 2 (c)), could be noted.
The plots of the K-S values, from the application of the K-S GoF test statistics to the measurements of corrosion test variables from the steel-reinforced concrete samples in aggressive media, are presented in Figure 3 . Each of these plots includes the delineating line plot of the significant level = 0.05 for directly ascertaining, from the figure, dataset of test variable that followed or did not follow the Weibull probability distribution function. From this, it could Advances in Materials Science and Engineering be deduced that all datasets of the half-cell potential from the duplicated concrete samples studied scattered like the Weibull probability distribution function; see Figure 3 (a). However, the cell current datasets of the 4 g TEA, the 2 g TEA, and the synergistic 2 g NaNO 2 + 6 g TEA admixed steelreinforced concrete samples, in the H 2 SO 4 medium, were not distributed like the Weibull fitting function; see Figure 3 
(b).
All the other datasets of measured test variables from the reinforced concrete samples follow the Weibull probability distribution function. By this, the entire corrosion rate datasets measured from the duplicated samples of steelreinforced concretes considered in the study also followed the Weibull probability distribution function according to the K-S GoF test criteria (see Figure 3(c) ). These, in line with ASTM G16-95 R04 [41] , support the use of the Weibull analyses of the mean of the corrosion rate test data from the steel reinforced concrete samples for representing the prevailing corrosion conditions in each of the corrosive test systems. The choice of corrosion rate for detailing corrosion condition in the samples, instead of corrosion potential that the test data also followed the Weibull model, was due to the identification from [49] that the corrosion potential gives poor indication of absolute corrosion activity.
Admixture Performance and Inhibition Efficiency Estimations.
The Weibull mean corrosion rate was employed for interpreting levels of corrosion degree as per [16, 35, 50] and estimating averaged inhibition efficiency of the duplicated samples of admixed reinforced concrete relative to the duplicated blank samples in each test medium. The results of admixture performance from these are presented in Figure 4 , in ranking order of effectiveness of the admixtures at inhibiting concrete steel-rebar corrosion in each of the aggressive test environments. The use of delineating lines of requisite levels of corrosion degree interpretations from [16, 35, 50] was employed in the parts of the plots in Figure 4 involving rankings of the corrosion rate performance of the studied admixture concentrations. The results of admixture performance ranking in Figure 4 (a) showed that the blank samples without admixture in the NaCl medium exhibited corrosion rate that was higher than the upper bound of "very high" degree of corrosion rate, 0.1 ≤ CR (mm/y) < 1, as per [16, 35, 50] . This supports the inference that the degree of corrosion rate in these blank samples in NaCl medium was Advances in Materials Science and Engineering Advances in Materials Science and Engineering in the very severe level, which is an important requirement prescribed by [42] , even as this finds agreements with the HCP interpretation as per ASTM C876-91 R99 [36] for these blank samples in Figure 2(a) . Also, the admixture performance rankings in Figure 4 (a) and Figure 4 (b) reaffirmed high effectiveness of the NaNO 2 admixtures at inhibiting steel-rebar corrosion in concrete immersed in the aggressive saline/marine simulating environments. However, in this highly corrosive NaCl medium, the effective 6 g NaNO 2 admixture with inhibition efficiency, = 94.6%, was followed closely in ranking order by the equal-mass synergistic combination of the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture. This synergistic admixture has inhibition efficiency, = 92.2%, which compares well with that obtained from the 6 g NaNO 2 admixture and which surpasses other NaNO 2 admixtures studied in effectiveness. By corrosion rate interpretations from [16, 35, 50] in Figure 4(a) , both the 6 g NaNO 2 and the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixtures mitigated steel-rebar corrosion from the very severe corrosion in the blank samples to well below the upper bound of "very high" corrosion. Also, consideration of the half-cell potential trends in Figure 2 (a) showed that duplicate concrete samples with 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture exhibited lower probability of corrosion risks than the duplicate concrete samples with 6 g NaNO 2 admixtures. Also, the cell current trends, in Figure 2(b) , showed that the concrete samples with 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture find better agreements in lowered trends of reinforcing steel dissolution activities than those obtained from concrete samples with 6 g NaNO 2 admixture. These agreements from electrochemical test results by different instruments strongly suggest suitability of this synergistic combination of NaNO 2 and C 6 H 15 NO 3 for reducing environmental effects due to lower usage of NaNO 2 as inhibitor of steel-rebar corrosion in NaCl medium.
From the consideration of the admixture performance in this study, it could also be inferred that multiplicative NaNO 2 -mass amount would be required for suitable C 6 H 15 NO 3 -mass that would synergistically combine with NaNO 2 admixture in order to attain inhibition performance that compares with that of the individual NaNO 2 that was initially reduced for the synergistic combination model. A specific example from this study includes the 4 g NaNO 2 (a 2 g NaNO 2 + 2 g NaNO 2 amount) which was modelled with the same inhibition efficiency, = 89.4%, as that of the synergistic 2 g NaNO 2 + 6 g C 6 H 15 NO 3 in the NaCl medium; see Figure 4 (a). This constitutes triplication of the 2 g NaNO 2 part as the 6 g C 6 H 15 NO 3 part for attaining the same inhibition effectiveness as the individual NaNO 2 that was initially reduced for the synergy, in the NaCl test medium.
The admixture performance ranking in Figure 4 (c) showed that the blank samples without admixture in the H 2 SO 4 medium exhibited corrosion rate that was higher than the upper bound of "high" degree of corrosion rate, 0.01 ≤ CR (mm/y) < 0.1, according to [16, 35, 50] . This corrosion rate classification also finds agreements with the HCP interpretation for the blank samples in H 2 SO 4 medium that was also in the "high (>90%) corrosion risk" region as per ASTM C876-91 R99 [36] , in Figure 2(a) . In furtherance of this, the admixture performance rankings in Figure 4 (c) and Figure 4 (d) also identified many of the NaNO 2 admixtures with good effectiveness at mitigating steel-rebar corrosion in the H 2 SO 4 medium. However, the NaNO 2 admixtures were all surpassed in effectiveness at inhibiting concrete steel-rebar corrosion by the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 synergistic admixture. In this medium, it is only the corrosion rate of the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 synergistic admixture that was classified as below the upper bound of the "high" degree of corrosion rate as per [16, 35, 50] in Figure 4(c) . This evaluated to the inhibition efficiency of = 64.7% by the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 synergistic admixture, which indicated that the 2 g NaNO 2 and the 6 g C 6 H 15 NO 3 combined to improve effectiveness of one another at inhibiting rebar corrosion in H 2 SO 4 . Also, other trends of electrochemical test variables identified the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixed concrete with lower probability of corrosion risk, in Figure 2(a) , and lesser steel-rebar dissolution activity, in Figure 2 (b), than those of the blank samples in the acidic medium. The admixture of proximate effectiveness to the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 synergistic admixture at inhibiting steel-rebar corrosion includes the 4 g C 6 H 15 NO 3 ( = 32.2%) followed by the 4 g NaNO 2 ( = 30.8%). But these individual admixtures exhibited much higher corrosion rates which translated to much lower corrosion inhibition effectiveness than the = 64.7% inhibition effectiveness performance by the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 synergistic admixture. These considerations support the suitability of the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture as optimal admixture and synergistic combination of NaNO 2 and C 6 H 15 NO 3 for inhibiting steel-rebar corrosion in acidic microbial/industrial simulating environment studied. And by this, also, the synergistic 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture exhibits potency of higher reduction of NaNO 2 admixture usage in concretes immersed in H 2 SO 4 medium. However, the other synergistic admixtures exhibited aggravations of concrete steel-rebar corrosion in the acidic medium, instead of corrosion inhibition. This fosters interests on the mode of synergistic interactions between the NaNO 2 and C 6 H 15 NO 3 combinations constituting these synergistic partial NaNO 2 replacement admixtures.
Synergistic Parameter Modelling.
Results of synergistic parameter modelling of the combinations of NaNO 2 and C 6 H 15 NO 3 (TEA) admixtures in the steel reinforced concretes studied are plotted in Figure 5 . This figure identified the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 and the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixtures with optimal performance of synergistic parameter in their respective NaCl and H 2 SO 4 media. It could also be noted from the figure that the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 also exhibited high synergistic parameter performance in the NaCl medium. Interpretations from [27, 28] showed that the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 with synergistic parameter S = 3.97 and the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 with S = 2.42 exhibited prevalent synergistic interaction, S > 1, between NaNO 2 and C 6 H 15 NO 3 admixtures in the NaCl medium. Also, application of similar interpretation showed that the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 with S = 1.19 exhibited prevalent synergistic interaction in the H 2 SO 4 medium. According to [27, 28] , these prevalent synergistic interactions indicate cooperative adsorption of the NaNO 2 and C 6 H 15 NO 3 on the steel-rebar, especially according to the schematic representation presented in [27] . That schematic synergistic mechanism in [27] suggested the adsorption of the highly effective NaNO 2 on the steel-rebar surface, while the C 6 H 15 NO 3 adsorbed on the layer of the NaNO 2 adsorption at the same sites of the embedded steel-rebar in concrete. It is especially worth noting that the synergistic admixtures that exhibited the mechanism of cooperative adsorption as their prevalent synergistic interaction in this study were the admixtures that were found suitable for reducing NaNO 2 usage as inhibitor in their test media. The improved inhibition efficiency from the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture in the NaCl medium and the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture in the NaCl and H 2 SO 4 media relative to their individual admixtures were due to the synergistic interactions between these admixtures.
The other remaining synergistic admixtures in both media exhibited the synergistic mechanism of antagonistic interactions, by their synergistic parameter S < 1, between the NaNO 2 and C 6 H 15 NO 3 admixtures in their respective environments. According to [27, 28] , these synergistic mechanisms of antagonistic interactions are due to competitive adsorption of the NaNO 2 and C 6 H 15 NO 3 on the steelrebar. This synergistic interaction of competitive adsorption indicates that the NaNO 2 and the C 6 H 15 NO 3 admixtures adsorb at different sites on the steel-rebar surface. It is also worth noting that the admixture combinations exhibiting this kind of antagonistic interaction, in this study, were not also found suitable for inhibiting steel-rebar corrosion in their admixed concretes immersed in their respective test media. The comparatively low inhibition efficiency from the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 in the H 2 SO 4 and the 6 g NaNO 2 + 2 g C 6 H 15 NO 3 admixture in the NaCl and the H 2 SO 4 relative to their individual admixtures were due to the antagonistic interaction between the admixtures.
Conclusions
The effect of NaNO 2 and C 6 H 15 NO 3 synergistic admixtures in concrete slab immersed in the aggressive NaCl and H 2 SO 4 environments on the corrosion of the embedded concrete steel-rebar had been studied in this work. Conclusions that could be drawn from these include the following.
(i) The statistical analyses of electrochemical test results identified, in agreements, the prevalence of corrosive activities in the sodium chloride medium above that occurring in the sulphuric acid test medium, across all the concentrations of admixtures studied; these electrochemical test results also showed that both of the NaCl and H 2 SO 4 test media employed constitute aggressive environments, especially, to concrete steelrebar in blank concrete samples not having inhibitor admixture.
(ii) Although many of the NaNO 2 admixtures exhibited good effectiveness at inhibiting steel-rebar corrosion in both media, inhibition efficiency ( ) modelling supports the combined usage of 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture, with = 92.2%, as effective synergistic inhibitor of steel-rebar corrosion in steelreinforced concrete immersed in the NaCl medium while the combination of 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture with inhibition efficiency = 64.7% was found suitable as effective synergistic inhibitor of steel-rebar corrosion in steel-reinforced concrete immersed in H 2 SO 4 medium.
(iii) Synergistic parameter modelling identified the 4 g NaNO 2 + 4 g C 6 H 15 NO 3 admixture, = 3.97, and the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture, S = 2.42, with prevalent synergistic interaction of cooperative adsorption on steel-rebar between the NaNO 2 and C 6 H 15 NO 3 synergistic admixtures in the NaCl medium while the 2 g NaNO 2 + 6 g C 6 H 15 NO 3 admixture exhibited this kind of prevalent synergistic interaction of cooperative adsorption on steel-rebar, S = 1.19, in the H 2 SO 4 medium.
(iv) All the synergistic admixtures exhibiting prevalent synergistic interaction of cooperative adsorption on steel-rebar in the study were also highly effective at inhibiting concrete steel-rebar corrosion in their corrosive media of test immersions. These strongly support suitability of requisite concentration of C 6 H 15 NO 3 as additive admixture with sodium nitrite for inhibiting steel-rebar corrosion in concrete immersed in NaCl and H 2 SO 4 corrosive media. This is potent with the additional advantage of reduced environmental effects due to lower NaNO 2 usage as corrosion inhibitor admixture in concrete designed for the aggressive service environments studied.
